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NOTICES

When Government drawings, specifications, or other data are used

for any purpose other than in connection with a definitely related Gov-

ernment procurement operation, the United Stat_s Government thereby

incurs no responsibility nor any obligation whatsoever, and the fact that

the Government may have formulated, furnished, or in any way supplied

the said drawings, specifications, or other data, is not to be regarded by

implication or otherwise as in any manner licensing the holder or any

other person or corporation, or conveying any rights or permission to

manufacture, use, or sell any patented invention that may in any way be

related thereto.

The Government has the right to reproduce, use, and distribute this

report for governmental purposes in accordance with the contract under

which the report was produced. To protect the proprietary interests of

the contractor and to avoid jeopardy of its obligations to the Government,

the report may not be released for non-governmental use such as might

constitute general publication without the express prior consent of The

Ohio State University Research Foundation.

Qualified requesters may obtain copies of this report from the ASTIA

Document Service Center, Arlington Hall Station, Arlington 12, Virginia.

Department of Defense contractors must be established for ASTIA serv-

ices, or have their "need-to-know" certified by the cognizant military

agency of their project or contract.
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RADAR BACK- SCATT ERING MEASUREMENTS
FROM "MOON-LIKE" SURFACES

I. INTRODUCTION

The problem of relating the surface structure of the moon to

its radar scattering behavior is becoming of increasing practical im-

portance as the moment for the first manned "soft-landing" approaches.

For example, to avoid the weight penalties of overdesign, the designer

of lunar approach radars must have complete information of the scatter-

ing properties of the lunar surface. Similarly, the choice of a suitable

landing spot will be influenced by local surface roughness, Such rough-

ness conditions can often be most easily investigated at wavelengths of

the same order as the surface structure. Thus roughness scales of the

order of a few feet to a few inches, which are the significant scales for

landing operations, can be studied at the lower microwave frequencies.

In the last few years a number of earth-moon radar experi-

ments have been performed, and have provided much data on the mean-

square slope of the relatively large-scale structure of the moon. There
is much less information on the small-scale structure which is re-

vealed by the "diffuse" part of the lunar scattering diagram, and which

so far has been measured at only two wavelengths (08 cm and 3.6 cm),

These two measurements 1 have not yet been adequately interpret_

in terms of surface roughness because of the absence of similar scat-

tering data on comparable terrestrial surfaces. In this paper, some

of these basic data are provided for a number of rough terrestrial sur-

faces (gravel and rubble), and are compared with the lunar scattering
data.

II. DESCRIPTION OF PARAMETER

The basic radar back-scattering experiment makes use of a

high-gain antenna to illuminate a section of terrain at range R shown

in Figure I. The average received pulse power P is given by the
r

well-known radar equation

P
r

G z Pok 2 .f{e, 4) 4

(4u)3 R4



, -- °

Fig. 1. Geometry for terrain scattering.

e= depression angle Po = transmitted power

k = wavelength G = maximum antenna gain

f(O,¢) = antenna voltage pattern _ = radar cross-section

The parameter _ is the average radar cross section of the

terrain and, at least for the random homogeneous terrain considered

here it is proportional to the area of the terrain contributing to the

return at any instant.

In order to eliminate effects of pulse width, geometry etc.,

on the measured return, and to work with a parameter which is char-

acteristic only of the terrain, it is convenient to introduce a parameter

¥, defined through the equation 0-= yA i. A i is the incidence area, the

area perpendicular to the line of sight through which passes all of the

energy contributing to the return at a given range and time. For the

usual case of pulsed radars,

A i = _2---T)tan @R A ¢

T = effective pulse width

A_ = effective azimuth beam width

@ = incidence angle

c = velocity of light



When y and A i are substituted into the radar equation, it takes
the form

P
r

c n- GZ
=[y][tanO[f(O,_)I4] [PokZA_--_-- ]

terrain geometry and system

It can be seen that the influence of the terrain is isolated in the

single factor y.

The parameter u (the back-_scattering cross-section per trait
O

area of surface) often found in the literature, is related to y by the

expression _o y sin e.

III. EXPERIMENTAL MEASUREMENTS

The results of the radar back-scattering measurements of

rubble-like surfaces are shown in Figures Z through 7. Here the

radar back-scattering parameter y is plotted as a function of the

grazing angle O. The values of y shown in Figures 2 through 7 are

average values determined by averaging the return from many sam-

ples of terrain. It is evident from the results of the measurements

shown in Figures 2, 3, and 4 that the magnitude of the back-scattering

is dependent upon both incidence angle and surface roughness for

quasi-smooth surfaces. However, this dependence upon incidence

angle and surface roughness disappears as the surface becomes rough

in terms of wavelength, as shown in Figure 4. One interesting feature

shown in Figure 4 is the " ir_version of the magnitude of the back-

scattering as a function of frequency. For the case of stone the larg-

est return was obtained at X-band, while the largest return from

gravel and sand was at KA-band. This effect could be accounted for
by a resonance phenomenon since the particle size at X-band is about

a wavelength, or by a change in the complex dielectric constant. For

a very rough surface with a semi-infinite thickness and no changes in

the over-all slope of the surface, the magnitude of the back-scattering

is primarily dependent upon the complex dielectric constant of the
mate rial. z

It can be seen from the results of the measurements shown in

Figures 5, 6, and 7 that a definite polarization dependence exists for

37
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the quasi-smooth surface. However, as was the case for the incidence

angle and surface roughness dependence, the polarization dependence

disappears as the surface becomes rough in terms of wavelength, as

shown in Figure 7.

IV. NORMALIZED ROUGHNESS

The quantitative relation between surface roughness and back-

scattering can best be illustrated by plotting some of the data of Fig-

ures 2-7 in terms of a normalized roughness parameter, _ = Dsin@/k

where D is the diameter of the individual stones or particles, k is the

wavelength, and the factor sin@ is introduced in analogy with the Ray-

leigh criterion for effects of roughness on reflection. This has been

done in Figure 8, and it is seen that for _< 1/4, the return falls off

roughly as 1/k z , whereas for _> 1/4 the Return is a constant, more

or less independent of roughness (corresponding to "optical" scatter-

ing). The general level of the curve would move up or down for ma-
terials of different dielectric constants or reflection coefficients. Thus

by measuring the back-scattering from a surface at a number of angles

and wavelengths, it shQuld be possible to estimate the roughness by

locating the break-point (_ = 1/4) and to estimate the dielectric con-

stant by measuring the optical level.

As an example of the use of this technique, points correspond-

ing to Pettengill's measurement 1 of the diffuse part of the lunar return

at 68 cm, indicated by "P", have also been plotted in Figure 8, assure-

ing D_ 15 cm. A more suggestive comparison between the lunar and

terrestial data is given in Figure 9, which plots y for the rubble sur-

faces, and also the lunar measurement of Pettengill (68 cm; circular

and crossed-circular polarization) and Evans {3.6 cm, "linear" po!ari-
zation); the curve for 3.6 cm has been raised 6 db above the actual

measured value to refer all curves to roughly the same dielectric con-

stant. The two lunar curves seem to correspond fairly well in both

wavelength and polarization dependence with the terrestrial materials

s_dies,and are not inconsistent with the previous suggestion of a

small-scale roughness of about half a foot for the lunar surface.

V. CONCLUSION t_z_ _':

Measurements of back-scattering from a number of rubble-like

surfaces have been made for severalpo!arization states. For such

i0
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surfaces there is a qualitative relation between the surface roughness,

and angular and polarization dependence of the back-scatter. This

relation ma 7 be used to estimate surface roughness, and perhaps diel-

ectric constant, from back-scattering measurements.
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